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Abstract 
Coffee residue, a low-cost agricultural byproduct, was tested as a precursor for the production of porous carbons in a chemical 
scheme using phosphoric acid. The raw material was impregnated and then paralyzed respectively at 600 and 700°C for 1 h. The 
resulting products were characterized by adsorption of phenol at room temperature. The impregnation ratios have shown a strong 
influence on the capacity adsorption and surface area. The adsorption equilibrium was reached after forty minutes. The appropriate   
isotherms of adsorption involved in this study were developed according to Langmuir and Freundlich models. 
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1. Introduction 
Activated carbon, which possesses highly developed pore structure, is widely used as adsorbents, catalysts and 
catalyst supports for the removal of pollutant species from gases or liquids and for purification or recovery of 
chemicals. Coffee is produced all over the world. In 2008, according to the “International Coffee Organization” the 
production of coffee amounted to about 680,000,000 tons [1]. The coffee grounds, which are the residues of the soluble 
coffee industry, are highly pollutant due to the presence of organic material that demands a great quantity of oxygen 
to be  degraded [2]. Coffee is one of the most important agricultural commodities in the world because it is a popular 
brewed drink prepared from roasted bean. However, the processing of coffee often generates significant amounts of 
solid residues. Among them, exhausted coffee residue (denoted as ECR), or called spent coffee ground, is inevitably 
generated from soluble coffee production during the extraction process, where the roasted and grinding coffee is 
introduced into percolators in countercurrent treatment with the pressurized hot water to extract the favors (soluble 
materials) in the soluble or instant coffee manufacturing factory [3]. The final solid product is then obtained, and the 
insoluble residue (a slurry containing spent coffee grounds) is screw pressed. The residue weighs approximately 50% 
of the total input mass of coffee feedstock, representing a significant bio resource from the coffee-derived products 
processor. 
Activated carbons (granular or powdered) are the most widely used adsorbents because of their excellent 
adsorption capability for inorganic pollutants [4]. The properties of activated carbons depend on the activation process 
and the nature of the source materials. Moreover, in both physical and chemical activation processes, knowledge of 
different variables is very important in developing the porosity of the carbons [5]. The high adsorption capacities of 
activated carbons are related to properties such as surface area, pore volume, and porosity [6]. Particularly, the 
development of micropores and mesopores is of great importance because it allows the porous carbons to adsorb large 
amounts and various types of chemical compounds from gas or liquid streams. 
In principle, the methods for preparing an activated carbon can be divided into two categories: physical activation 
and chemical activation. In physical activation, a raw material is first carbonized, and the carbonized material is 
secondarily activated by steam or carbon dioxide; i.e., there are two steps: carbonization step and activation step. In 
chemical activation, a raw material is impregnated with an activating reagent, and the impregnated material is heat-
treated under an inert atmosphere. 
The carbonization step and the activation step simultaneously progress in chemical activation. This method occurs 
at lower temperature than that of the physical methods. Therefore, it improves the pore development in the carbon 
structure. The type of chemical agent is selected as a function of the characteristics of the desired activated carbon. 
Molina-Sabio and Rodriguez-Reinoso [7] reported that KOH produces only widening of the microporosity to more 
heterogeneous micropores, whereas ZnCl2 develops both wide micropores and low mesopores and H3PO4 large 
mesopores and even macropores.  
Chemical activation using ZnCl2 and H3PO4 has been studied by several researchers [7-9] using different 
preparation conditions. These chemicals are used to dehydrate the starting material and to retard the formation of tars 
during the activation and the carbonization process. 
 
 The objective of the current study is to examine the effectiveness of coffee grounds as an adsorbant support 
of phenol at room temperature. 
 
 
2. EXPERIMENTAL 
 
2.1 Materials and sample preparation 
Coffee trees produce berries, called coffee cherries, which are composed of an outer skin, the exocarp or husk. Beneath 
it is the mesocarp, a thin layer of pulp, followed by a slimy layer called the parenchyma. The beans themselves are 
covered in an envelope named endocarp, more commonly referred to as “the parchment”. Inside the parchment, side-
byside lie two beans, each covered separately by yet another layer of thin membrane, the speroderm (Fig. 1). 
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Fig.1 Coffee cherry 
 
Coffee grounds were collected from a cafeteria. The coffee grounds were washed with boiled water to eliminate the 
impurities, dust and water soluble substances followed by washing with distilled water. 
The washed coffee grounds were dried at 50 °C for 24 h prior to their activation. The dried coffee grounds were sieved. 
The resulting product was then impregnated over 18 h by H3PO4 solution at different concentrations. The impregnation 
percentage is defined as the ratio of the weight (g) of H3PO4 to the weight of precursor (g of dried coffee grounds). 
The impregnated samples were washed with hot distilled water till the obtention of neutral pH and dried at 110 °C for 
24 h. The impregnation ratio was determined according to the following formula. 
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The resulting solid was then carbonized in furnace [HERAEUSE, model MR 260 E] at 600°C and 700°C during one 
hour (5°C.min-1). The activated product was washed and dried at 150 °C (6 h). 
 
     Table 1. Nomenclature used to denote coffee. 
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600 AC600-0 AC600-2 AC600-5 AC600-12 AC600-36 
700 AC700-0 AC700-2 AC700-5 AC700-12 AC700-36 
 
2.2 Characterization 
2.2.1 Contact time. 
 One of the most important factors of studying such adsorption isotherm kinetics is contact time. On the 
following figure are presented different intervals of time. One can observe clearly that the equilibrium state is reached 
after approximately forty minutes.  
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                  Fig. 2 Adsorption contact time of phenol on activated carbons 
 
 
2.2.2 Batch adsorption of phenol experiments 
Phenols caused serious environmental problems on one hand owing to their high reactivity and solubility in 
water, and on the other hand from their poor biodegradation [10]. Phenols and other aromatic pollutants are 
among the most frequent anthropogenic contaminants. These pollutants appear as a consequence of degradation 
of organic compounds used as intermediates in the synthesis of dyes, pesticides, insecticides, explosives, etc. 
Although various procedures designed to remove these molecules from water have been developed, adsorption 
by AC is nevertheless the method most frequently employed. Since the first paper published about the importance 
of carbon surface chemistry on the adsorption of phenol from aqueous solutions [11] a large number of papers 
have appeared on this subject, investigating the effect of pH, ionic strength of solution, type of substituents of 
the phenol aromatic ring, etc. A state-of-art review was recently published by Radovic et al [12]. 
The adsorption of phenol was carried out in a discontinuous reactor in series of small glass bottles of 30 ml.  0.5 
g of the adsorbent was added to 25 ml of the test substrate at different concentrations. The closed bottles were 
placed under continuous agitation. The horizontal oscillation position was maintained by applying 180 to 200 
blows per minute .The equilibrium state was obtained after two (2) hours. The contents of the bottles were filtered 
by plastic filters of 0.2 m. The filtrates were then analyzed by UV-VIS (UV-120-02), UNICAM. HeȜISO (Ȗ), 
Type: Helios Gamma), (Omax = 270 nm). The isotherms of adsorption were performed at ambient temperature 
(25±2 °C) and within the same stirring period.  
 
2.2.3 Adsorption Modeling: 
The adsorbed amount is calculated from the following expression: 
  V
m
CCq ee .0
                                                                                                       (2) 
 
Were qe is the equilibrium adsorption capacities (mg/g), C0 and Ce are the initial and equilibrium concentration 
(mg/L or mol.L-1), V is the volume of the liquid phase (l) and m is the mass of activated carbon [13].  
 
The linear plots of Langmuir and Freundlich expressions are respectively given by [14]: 
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Where qe is the amounth adsorbed at equilibrium (mg/g), Ce is the equilibrium concentration of the adsorbate 
(mg.L-1), and qm (mg/g) and b (L/mg) are the Langmuir constants related to the maximum adsorption capacity 
and the energy of adsorption, respectively. The parameters qm and b were determined from the intercept and 
slop, respectively, of linear plots. KF (mg1-1/n.L1/n.g-1) is a constant indicative of the relative adsorption capacity 
of the adsorbent and n is a constant indicative of the intensity of the adsorption. 
 
The results of Langmuir adsorption isotherms for phenol are used to estimate the monolayer capacity Qm using 
Langmuir equation: 
 
                  S = Qm · NA · Am                                                                                               (5) 
 
Where S is the surface area (m2 g-1), qm: the maximum adsorption capacity (mg.g-1), NA is the Avogadro’s 
number (molecule/mol) and Am is the surface occupied by mol of Phenol (Am = 52,2.10-20 m2) [15].   
 
 
 
3. Results and Discussion 
 
Several models have been published in the literature to describe experimental data of adsorption isotherms. 
The Langmuir and Freundlich models are the most frequently employed models. In this work, both models 
were used to describe the relationship between the amount of phenol adsorbed and its equilibrium concentration 
in solutions. Figures 3 and 4 show the amount of phenol adsorbed (Qe in mg.g-1) on the three active carbons as 
function of the equilibrium concentration (Ce in mg.l-1) at 25 °C. All these isotherms are L-shaped, according 
to the classification of Giles et al [16].  
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                 Fig. 3 Isotherms of phenol adsorption on the activated carbon (ACi-600) at 25°C 
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                 Figure. 4 Isotherms of phenol adsorption on the activated carbon (ACi-700) at 25°C 
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Table. 2. Isotherm constants and regression data for various adsorption isotherms for adsorption of   phenol on activated carbon from 
aqueous solutions 
AC 
Langmuir parameters 
 
Freundlich parameters 
 
Qm 
kL R² 
Sp 
RL kF n R² 
(mg.g-1) (m².g-1) 
AC600-0 33,56 0,001 0,99 112,107 0,50 0,50 0,68 0.97 
AC600-2 35,71 0,012 0,99 119,313 0,08 1,01 0,62 0.99 
AC600-5 52,63 0,005 0,97 175,830 0,17 1,32 0,47 0.96 
AC600-12 44,05 0,006 0,97 147,171 0,14 1,25 0,53 0,96 
AC600-36 22,73 0,003 0,98 75,927 0,25 0,96 0,42 0,92 
AC700-0 21,28 0,004 0,97 71,080 0,20 1,22 0,50 0,95 
AC700-2 50,00 0,012 0,97 167,039 0,08 1,03 0,51 0,92 
AC700-5 33,33 0,022 0,98 111,359 0,04 1,76 0,38 0,96 
AC700-12 55,56 0,013 0,99 185,599 0,07 1,12 0,65 0,94 
AC700-36 34,48 0,021 0,99 115,199 0,50 1,17 0.48 0,97 
 
 
According to the figures and tables, we note the following points: 
¾ The shape of the isotherms is the first experimental tool to diagnose the nature of specific adsorption  
phenomenon.  The isotherms have been classified according to the classification of Giles and al [16]. Giles 
have classified adsorption isotherms into four main groups: L, S, H and C. According to the above 
classification, the isotherms of phenol (figure 3 and 4) compound displayed an L curve pattern.   
¾  According to the values of (R2) which are approximately equal to the unity, we can say that the results are 
in perfect concordance with the studied models.  
¾ The maximum capacity of adsorption is about 52,63 and 55,56 mg/g about AC600-5 and AC700-12
respectively. 
 
 
4. Conclusion. The present experimental adsorption  study of coffee residue leads to the following remarks: 
 
¾ The activated carbon obtained at 600 C° and 700°C over one hour 5 (°C.min-1) in the presence of adjuvant 
percentage of about 5,678  and 12,78 % gave respectively  specific surfaces  of  176 and 186 m2/g.  
¾ The resulting adsorption capacities were respectively 52,63 and 55,56 mg/g.  
¾ The adsorption is compatible with Langmuir and Freundlich models with a correction factor R2> 0.92. 
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